Background. Efforts to determine the impact of prenatal multivitamin supplementation on birth outcome have been carried out in several developing countries. A review of factors that would impact the effectiveness of prenatal supplementation under normal field conditions is currently lacking and will be required for expanded supplementation programs. An efficacy trial of a multiple micronutrient supplement for pregnant women was conducted in rural western China, and additional information on side effects, rates of adherence, program inputs, and cost was also gathered.
study because of side effects.
Adherence to supplementation was high: the supplements were consumed on more than 90% of the days on which they were available for consumption. The mean number of supplements consumed was high at 1�5 cap-�5 cap-capsules, and about 40% consumed the recommended 180 supplements during pregnancy.
Conclusions. High adherence to a prenatal supplement schedule can be achieved when mothers have frequent contact with trained health workers and a reliable supply of supplements.
Key words: Adherence, maternal supplementation, multiple micronutrients Background Low adherence to iron supplementation in pregnancy has been widely reported and has been attributed to a variety of factors, including inadequate program support, insufficient delivery of services, and patient factors. These patient factors may include adverse side effects from the supplement and misunderstanding of the supplementation schedule [1] .
Research has been conducted to determine the impact of prenatal multiple micronutrient supplementation on birth outcomes. UNICEF/United Nations University (UNU)/World Health Organization (WHO) [2] has recommended a formula for a multiple micronutrient supplement to be used in pilot programs among pregnant women in developing countries, and research has been conducted in multiple sites. As evidence mounts indicating a positive impact on birth size as well an improvement in maternal micronutrient status, development of larger multiple micronutrient supplementation programs is now planned.
Any efforts to expand multiple micronutrient supplementation will require information on the feasibility and effectiveness of prenatal supplementation under normal field conditions. Information on side effects and adherence will be required for defining communications needs and strategies. Information on inputs and costs will be required for program planning and design. Although a research study does not approximate a typical field setting, insights that will aid future programs can be gained, and needs for additional information can be identified.
To address the need for evidence from China on nutrient supplementation in pregnancy, a community-based, cluster-randomized, controlled trial was conducted in a disadvantaged rural population. The primary objectives of the trial were to assess the impact of iron-folic acid and multiple micronutrient supplements compared with folic acid alone during pregnancy on birth anthropometry, duration of gestation, and third-trimester maternal hemoglobin. Lingxia Zeng [3] . In addition to biological data, information on side effects and adherence was also gathered, as well as data on the inputs and costs associated with supplementation in China.
Background of the Ministry of Health program for maternal and child health care in China
China has made great progress in improving the health of women and children over the past 20 years [4] . Maternal mortality was reduced from 80 per 100,000 live births in 1991 to 48.3 per 100,000 live births in 2004 [5] . During these same years, mortality among children under 5 years of age dropped from 61 to 25 per 1,000 live births. With this marked improvement in maternal and child survival, China appears to be on track to meet the Millennium Development Goals [5] .
However, as China has moved toward a market economy, inequities in access to health services have grown. Levels of insurance coverage have fallen dramatically, and health-care costs have greatly increased [6] . Management and financing of public health has become increasingly decentralized, and most of the spending on health now comes from local government finance. This has led to imbalances in public health inputs between urban and rural areas and among different regions [5] . Thus, 80% of China's health resources are currently concentrated in urban areas, while most of the maternal and child deaths occur in rural areas, particularly remote areas. In 2004, the maternal mortality rate was 3.2 times higher in rural areas than in urban areas and 7.7 times higher in inland areas than in coastal areas [5] .
Without full government funding, institutions have become more profit oriented. Providers have begun to charge fees for some services and then use the revenue to cover nonpaid essential maternal and child health services and staff salaries [5] . This has resulted in maternal and child health institutions placing emphasis on treatment over prevention, and on paid over nonpaid services. This combination of modest government funding with client fees for maternal and child health services has negatively impacted the utilization of and access to maternal and child health services by lowincome population groups [5] .
Health care in China is provided through a threetiered medical and health service network. In urban areas, the network consists of municipal hospitals, district-level hospitals, and community clinics. In rural areas, it consists of county hospitals, township health centers, and village clinics. Although rural doctors receive a limited amount of payment, depending on the financial status of the local government, they no longer receive their compensation from a rural collective economy, and they work essentially as private doctors.
These village doctors have 3 to 6 months of training and usually have their clinics in their homes. They act as maternal and child health workers at the village level, providing some basic antenatal, postpartum, and neonatal care as well as family planning education and, in remote areas, delivery services. Village doctors also are responsible for health education for their local community, supported by township maternal and child health staff [4] .
Township health centers provide the second tier of services. Township health centers are usually staffed by doctors with 2 to 3 years of training and by midwives with 1 to 2 years of training. The centers have an average of 15 inpatient beds, and in the larger health centers cesarean section can be carried out [4] . In each township there is a staff person who specializes in maternal and child health care.
The third tier consists of services provided at the county and city level. Most obstetricians, gynecologists, and pediatricians work at the county or city level. At the county level there is a county hospital, such as a district general hospital, with around 300 beds, and a maternal and child health center.
The salaries of medical staff in the maternal and child health center and the maternal and child health staff at the township level are provided by the government. Most of the income of village-level doctors is from fees for services.
Since the 1980s, some programs supported by the Ministry of Health of China and by international nongovernmental organizations have focused on improving nutrition during pregnancy and decreasing vitamin and mineral deficiencies among the most vulnerable populations. The Chinese government is combining and adapting various approaches, including food fortification and supplementation, in order to improve the nutritional situation of pregnant women.
This micronutrient supplementation study was conducted in two poor rural counties located in Shaanxi Province of northwest China. Staff from the Chinese
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health system delivered the supplements and monitored outcomes. Medical staff from the health system received additional training and support, and women were provided with subsidized access to prenatal and delivery care.
Objectives
The objective of this analysis is to examine reports of side effects and rates of adherence for prenatal multiple micronutrient supplementation in comparison with supplementation with folic acid or iron-folic acid. In addition, this report describes the inputs and costs associated with prenatal multiple micronutrient supplementation in China. The primary study outcomes of birth anthropometry, duration of gestation, and maternal hemoglobin are reported.
Methods
A cluster-randomized, double-blind, controlled trial was conducted in two rural counties in Shaanxi Province of northwest China. All pregnant women in villages were randomly assigned to take daily supplements of folic acid, iron-folic acid, or a recommended daily allowance of 15 vitamins and minerals (United Nations International Multiple Micronutrient Preparation [UNIMMAP]) from enrollment until delivery [2] . The sample included all women in the counties who became pregnant between August 2002 and January 2006 who met the eligibility criteria and who provided oral informed consent. Women were ineligible if they were already taking supplements, had a serious illness, had an abnormal reproductive history, were planning to work outside the area, or were more than 28 weeks pregnant.
This study was approved by the Human Research Ethics Committee of the College of Medicine, Xi'an Jiaotong University (No 2002001) and the Ministry of Health, China. All women gave informed verbal consent.
Village doctors, with active support from the township maternal and child health care workers, conducted active surveillance for pregnancy among women of reproductive age in order to recruit participants. Consenting women identified as likely to become pregnant were visited each month to assess their pregnancy status. Women with periods delayed by more than 5 days had a urine pregnancy test, and confirmed pregnancies were reported to the township maternal and child health worker. Pregnancies among women in townships or counties were passively detected at antenatal clinics in local health facilities. The total survey sample was 5,828, with 2,017 women living in 178 villages in the folic acid group, 1,912 women living in 183 villages in the iron-folic acid group, and 1,899 women living in 170 villages in the group receiving multiple micronutrients.
The same treatment was given to all pregnant women identified in a given village. The multiple micronutrient supplements contained the recommended dietary allowance (RDA) for 15 vitamins and minerals and included 30 mg of iron. The iron-folic acid supplement contained 60 mg of iron and 400 µg of folic acid. The folic acid supplement contained 400 µg of folic acid.
At enrollment, each woman received 15 capsules in blister strips and was instructed to take one capsule daily. The village doctor visited each woman every two weeks to distribute additional supplements and collect used blister strips. The number of remaining capsules was recorded. To estimate adherence, the number of supplements distributed and mean number of supplements consumed during the pregnancy (including women who later had fetal losses) was calculated.
Side effects were self-reported by the study participants. Reports were collected by village doctors when they collected the blister strips or by the clinic physicians in counties.
Descriptive statistics were used to identify program inputs. Program administrators tracked direct costs of the project.
Inputs the project provided
Given the current market orientation of China's maternal and child health services, in order for study participants to have equal access to maternal and child health services, allow for measurement of birth outcomes, and ensure high rates of adherence to supplementation, a series of additional inputs was required. In addition to training for service providers and free supplements, access to antenatal services (which currently requires user fees) was provided for free. Subsidies were also provided to women to encourage them to deliver their babies in the hospital.
The multiple micronutrient supplementation project provided staff with training in order to ensure that the project was implemented smoothly. Staff at different levels received different training based on the skills and duties required.
Training for village doctors included how to carry out active surveillance of pregnancy, how to distribute the antenatal supplements, and how to report the early termination of pregnancy. The training for maternal and child health staff at the hospital level focused on skills for antenatal and postnatal care and how to identify a high-risk pregnancy. Training was conducted by the research staff.
The antenatal supplements were distributed by the local maternal and child health system. The supplements were given to all pregnant women enrolled in S483 Adherence and costs of micronutrient supplementation the trial from the time of enrollment until the time of delivery or termination of pregnancy. Village doctors or township maternal and child health center staff visited the women every 2 weeks to distribute the supplements and to collect the remaining unused supplements. The frequency of visits was reduced to once a month if the woman understood the supplementation regime and demonstrated high adherence. If the village doctor was unable to distribute the supplements reliably, the township maternal and child health staff took over this task.
In order to increase adherence to supplementation and to antenatal and delivery care, the project covered the cost of three antenatal care visits and one postnatal care visit at 42 days after delivery. The first free antenatal care visit was conducted at enrollment, the second at 18 weeks of gestation, and the third at 32 weeks of gestation. Normally, women would have to pay for these visits, and therefore they often did not receive antenatal care on this regular basis.
During the visits, women were asked about complications and received a physical examination that included blood pressure and weight measurement. Hemoglobin was measured at the third antenatal check.
In addition, the woman received a subsidy of 30 RMB (about US$4) if she delivered the baby at the hospital. The project also provided additional payments to the doctors who were responsible for the prenatal care and delivery of the women enrolled in the trial.
Members of the project team from Xi'an Jiaotong University were responsible for project supervision and monitoring. The project team was composed of an epidemiologist, a statistician, data management workers, a pediatrician, an obstetrician, and graduate students. Members of the project team visited the field monthly, conducted a routine project meeting with the local maternal and child health staff, reported progress, and dealt with the problems that occurred during project implementation. The project team also visited every township and selected village doctors in order to ensure that the field procedures were followed correctly. The team provided intensive supervision that would normally not have taken place in a government supplement distribution program. Xi'an Jiaotong University research team members also reinterviewed randomly selected pregnant women enrolled in the trial to recheck the data collected ( fig. 1) .
Results

Adherence to supplementation by subjects
The dropout rates (withdrawals and lost to follow-up) among the total of 5,828 women in the study were low. Only 2.8% of women withdrew because of self-reported side effects of folic acid, 3.9% because of side effects of iron-folic acid, and 4.2% because of side effects of mul-2% because of side effects of mul-% because of side effects of multiple micronutrients (table 1). The rate of withdrawal because of reported side effects was significantly higher in the iron-folic acid group and the group receiving multiple micronutrients than in the group receiving folic acid only (p < .05), a result suggesting that the iron in the supplements given to the two former groups may have caused more side effects. However, the rate of dropout because of reported side effects did not differ between the iron-folic acid group and the group receiving multiple micronutrients, even though the iron-folic acid group received twice the amount of iron as the group receiving multiple micronutrients. The side effects reported most frequently included nausea (47% of those who withdrew because of side effects), severe gastrointestinal symptoms (34%), and vomiting (16%), with no differences between the supplement groups.
Distribution of consumption of supplements
Of the 4,815 women who remained in the study, 41% started taking supplements during the first trimester ( table 2) . Only about 6% delayed starting supplements into the third trimester. The mean time at which the women began to take the supplements was the 14th week of gestation. The mean number of supplements consumed during pregnancy was 165 or 166 for each group. About 40% of the women consumed the WHO-recommended number of 180 supplements during pregnancy [7] .
The rates of adherence were high and were similar for the three treatment groups. Adherence is defined as the percentage of days on which supplements were consumed among all the days on which they were available for consumption. The mean adherence was 93% among those taking folic acid, 92% among those taking iron-folic acid, and 93% among those taking multiple micronutrients. The rate of adherence was more than 75% among more than 90% of women in all three groups.
Program costs
The cost structure of this micronutrient supplementation research program was estimated based on the report of the financial management system of Xi'an Jiaotong University. The total cost of the program was US$315,805, but much of this included the cost of the research component, estimated to be about one-third of the total costs (although this may be an overestimate, given that the amount of training and supervision was probably higher than would normally be needed to improve prenatal care because of the data collection required of maternal and child health personnel). For details of data collection instruments and topics covered in training for different staff level in this trial, see tables 3 and 4.
Given this caveat, an estimate can be made of the costs of this program. After deletion of the costs related to research staff, the total cost of improving antenatal, delivery, and postnatal care is estimated at US$217,000 
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Adherence and costs of micronutrient supplementation for 5,416 women, or US$40 per woman. Only 22% of the costs (US$8.80 per pregnancy or US$.05 per day based on the mean consumption of 165 supplements in pregnancy) were for the supplements (fig. 2) , including purchase of the capsules and distribution, which included transportation from Beijing to Xi'an and from the local maternal and child health station to the townships and villages. Twenty-seven percent of the total cost was for fees for antenatal and postnatal care for all the participants and the subsidy for hospital delivery. In a setting with free access to such care, these costs would not be incurred. Since the supplements were provided to women free of charge, no costs were recovered.
Discussion
The rates of adherence to micronutrient supplementation in this project, about 90%, were higher than those in many other studies, probably because of the intensive follow-up of pregnant women, the subsidies provided to the health-care providers, and the training and supervision of the health workers by the research staff. About 40% of the women consumed the recommended number of 180 or more supplements in pregnancy. A study in Nepal showed that pregnant women started to take supplements at 11 weeks of gestation on average, and the mean rates of adherence were 72% to 76% among different treatment groups [8] . The adherence rate was higher in our study than the rate found by a project in China administering folic acid for the prevention of neural tube defects, with adherence of 78% in northern areas and 81% in southern areas [9] . The rates of adherence to supplementation are much lower in normal health programs, as shown by the results of Demographic and Health Surveys in many developing countries, where most women do not consume any iron tablets in pregnancy and low proportions of women consume the recommended number of 180 supplements. For example, in Nepal, 41% of pregnant women did not take any iron in pregnancy, and only 7% consumed 180 or more tablets [10] . In our study, additional inputs to normal maternal and child health programs resulted in high rates of adherence. The capsules were distributed directly to women, the 
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Adherence and costs of micronutrient supplementation health workers were trained and supervised, and the women were encouraged to participate in antenatal care through payment to cover the costs of such care. The low rate of dropouts due to reported side effects in all three groups refutes the view that women do not consume supplements because of side effects [7] . Ensuring the supply of micronutrients, adequate training and supervision of health workers, and attendance at antenatal care visits is needed in order to enhance supplement usage.
At present, the cost of delivery at the hospital is included in the list of costs to be reimbursed by the Cooperative Medical Care System in China; however, often women need an additional subsidy as an incentive or to cover their transportation costs to the facility. Some programs supported by the Ministry of Health of China are trying to include prenatal and postnatal care in the list of costs to be reimbursed by the Cooperative Medical Care System. This would be beneficial for women's health and improve infant outcomes, as well as providing a means to increase supplement use in pregnancy. But such services need funds, and as shown in this study, although cost calculations are crude, the estimate of the additional services needed is about US$40 per woman. Only a small proportion (US$8.80) of this is for purchase and distribution of supplements. This cost would probably be reduced with bulk purchases.
Free micronutrient supplements are key to improving nutritional status during pregnancy in rural areas. Given that the use of multiple micronutrients improves the woman's nutritional status (reducing anemia) and the outcome of pregnancy (improving birthweight) in China and elsewhere, this cost is justifiable.
Conclusions
High adherence to a prenatal micronutrient supplement schedule can be achieved when all mothers have frequent contact with trained health workers and a reliable supply of supplements. Few women stopped taking supplements during pregnancy. Because subsidies for the health sector encouraged antenatal care, the women were visited in their homes for resupply and supplements were provided free of charge. The next step is to expand the use of multiple micronutrients in pregnancy and attempt to find ways to reduce the costs of such programs, perhaps through provision of a supply of supplements at the first antenatal care visit (rather than every 2 weeks), sale of supplements, and behavior change communication to encourage their use.
